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The bright lights illuminating our world in a myriad of ways will increasingly be made of Group III 
nitride materials. Government and industry resources are rapidly being channelled into this upstart 
among a growing variety of “blue light” entries. As the giant opto manufacturers ramp-up into 
serious production mode, and the electronic device work starts looking progressively more 
production-worthy... and with GaN bulk growers emerging on the scene, perhaps it’s time for a 
reality check. 
0 
n the surface, photonic (or 
“opto”) progress in the 
Group III nitrides (AlN, 
GaN, InN and their alloy, AlGaInN) 
is moving especially fast, causing 
some manufacturers to seriously 
scratch their heads and rework their 
entire “blue” strategy. As the “nitride 
on sapphire” camp continues to make 
remarkable strides, the resulting in- 
crease in resources spurs them on even 
further. One is advised to wear sun- 
glasses at one of Shuji Nakamura’s 
light shows these days, With enviable 
support from Nichia Chemical Indus- 
tries, his achievements continue to be 
held in high regard (if not awe) by his 
international peers. 
Because of Nakamura San’s Phys- 
Tech WBG GaN crystals continued 
success (and those following in his 
footsteps), the compound semicon- 
ductor community worldwide is ex- 
periencing a definite shift away from 
support of the other wide bandgap 
semiconductors, such as &Se, toward 
the nitrides. As overall R&D funding 
sources further diminish, especially 
within government circles, monies 
that were going to GaAs and Inl? pro- 
grams are shifting over to further fuel 
the nitrides. So are the scientists’ alle- 
giances. Despite efforts to keep SIC 
substrates in the forefront of nitride 
development, and despite the strategic 
importance of Sic for high tempera- 
ture/high power devices and for solar 
PhysTech WBG GaN crystals. 
blind detectors, that development 
camp is feeling the squeeze, especially 
as the sapphire substrates for photonic 
applications continue to prove suffi- 
cient, at considerably less cost than 
Sic. 
At this stage of development, the 
highest brightness nitride-based 
LEDs show little degradation after 
10 000 hours of use when operated at 
20 mA. When coupled with today’s 
high brightness red LEDs, the ni- 
trides are sure to be prevalent in full 
colour outdoor displays. They have 
proved their superior efficiency in 
traffic lights, which in many countries 
require blue. It has been recently esti- 
mated that one hundred nitride-based 
LEDs operating at 20mA would con- 
sume 7 W, and the output would be 
sufficient as a signal. When compared 
to a typical 100 W incandescent light 
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Back to back Hg Scbottky 
diodes on a wafer can be used 
to plot and profile Si, Sic, 
III-V, II-VI and other layers 
on insulating substrates. 
For MIS wafers, the series 
capacitors that the two Hg 
contacts make with the oxide 
or nitride on a semiconductor 
can be used to measure many 
salient properties such as 
oxide (or nitride) thickness 
and thrdshold voltage without 
the extra effort and expense 
of metallizing’ the backside, so 
often reauired for measurements 
1 with a ‘single evaporated dot 
-I- 
The MSI Mercury Probe interfaces with an MS1 Model 466 CGV 
Meter to make rapid and accurate measurements automatically. 
When an MSI Mercury Probe is used with cowetitive meters, the 
measurements are less rapid but the same Hg contacted wafers can 
be further processed so that the measured data can be used to 
enhance yieIds. 
Profiles of interface state density vs voltage can also be made with 
frontside Hg contacts. There is no need to metallize when 
nondestructive Hg can get you graphics and data in short order. 
Although Hg can do many things, some quasistatic measurements do 
require conductive backsides. 
see us at SEMICON EUROPA ‘97 - Booth 325 
bulb, the savings mounts up to 800 kW 
hours per year per traffic light. With 
growing environmental concerns 
along with an appetite for bright light, 
the nitrides become a very attractive 
commodity. 
The status and size of LEDs is in- 
creasing. As promised by all wide 
bandgap semiconductor (WBS) de- 
vices, once the materials get under 
control, applications most of us can’t 
yet fathom will emerge. Will a nitride 
device end up replacing the common 
light bulb? Is the material really cap- 
able of producing a manufacturable 
“blue laser” after all, with the often 
promised “four-fold increase in CD- 
ROM” capacity? 
Some say that, beyond simple 
LEDs and impressive LD and electro- 
nic prototypes, there’s actually far too 
much marginal work going on, and 
only a few genuine winners seem to 
be among the growing crowd of 
entries. 
Proposals for funding are appear- 
ing on government program man- 
ager’s desks with too little substance 
to warrant attention. In some cases 
the only thing backing up the propo- 
sals is “smoke and mirrors.” In other 
cases, the stakes are now so high, and 
schemes so proprietary, that nobody 
dares tell what they really have up their 
sleeve. Although glamourous to an 
outsider, at this stage of their collec- 
tive development, the nitrides are still 
a gambler’s game. 
Besides the giant systems houses 
who will flood the market with daz- 
zling new product, who is destined 
for the real winner’s circle? Those 
within the easily identifiable interna- 
tional WBS community, who hold the 
patents for devices that actually end up 
in the high volume production pro- 
cess, will prevail. 
State of the real art 
Professor Isamu Akasaki, of Meijo 
University, was an invited speaker at 
the prestigious International Electron 
Devices Meeting (IEDM), held this 
past December in San Francisco. 
IEDM attracted close to 2000 leading 
edge engineers, many of them systems 
PhysTech WBG has successfu//y grown cubic GaN crystals. 
designers working on advanced “sys- 
tems on a chip”concepts that combine 
opto and electronics (OEICs). As sili- 
con geometries shrink and the result- 
ing problems increase, OEICs and 
MicroElectroMechanical Systems 
(MEMS) seem to move quickly up 
everyone’s list of attractive new devel- 
opments. Progress in the nitrides was 
of great interest to many IEDM atten- 
dees. With co-author Hiroshi Amano, 
Professor Akasaki provided an excel- 
lent “reality check list” for those con- 
sidering designing Group III nitride 
based devices into their systems. 
To realize the kinds of new devices, 
such as the nitride-based LEDs and 
LDs that we see coming out of Nichia, 
and for the follow-on electronic and 
OEIC devices we’ll see rolling out 
over the next year or two from an as- 
tonishingly large number of nitride 
converts, Professor Akasaki pointed 
out that “it is essential to grow high 
quality single crystalline nitride films 
and to control their electrical conduc- 
tivity.” He underscored five issues that 
need to be addressed in order to rea- 
lize much higher performance nitride 
based LDs: - 
?? further improvement of crystalline 
quality of heterostructures 
?? reduction of device resistivity, in 
particular, p-layer and p-contact 
improvement of carrier, current, 
and optical confinement 
improvement of reflectivity of op- 
tical cavities 
optimization of device structure. 
His primary message was that, 
although the crystalline quality and 
the understanding of multi-layered 
structures are still progressing, 
“further advances are required in the 
areas of materials science and device 
fabrication of the nitrides for realiza- 
tion of much higher performance 
photonic and electronic devices.” 
The three entries in the blue laser 
sweepstakes who have already shown 
what they can do are Nichia, Meijo, 
and Toshiba. All three are using sap- 
phire substrates. We’re still waiting for 
the Cree/Philips team to check in with 
their nitride-on-SiC entry, and there’s a 
lot of Sic growth going on at Siemens. 
Both Cree Research and Epitronics/ 
ATM1 are looking progressively 
stronger as they continue to perfect 
their epi processes. Hewlett Packard 
is yet to be heard from on a substrate 
choice, but blue is very much in the 
forefront of their plans. More details 
of their blue plans will be available in 
our follow-on nitride coverage next 
month, but they’re obviously working 
to remain the US high brightness lea- 
der, which implies the three basic col- 
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Hewlett-Packard SunPower chip LEDs, Series S6701690. 
ours for full spectrum operation and 
the usable blue green for traffic signals. 
HP has developed a robust flip 
chip construction for packaging their 
LEDs for rugged, outdoor applica- 
tions, and adding blue to their colour 
chart makes obvious sense. The track 
they’re already on gives a clue to how 
blue should fit in. HP currently has an 
amber LED that’s acceptable for traffic 
control signs, and a substantial 
amount of work has been done on so- 
lar charged battery operated road 
emergency signs which are the mov- 
ing arrow with road condition mes- 
sage, to replace signs using 
incandescent bulbs and diesel genera- 
tors. HP’s red LEDs are especially 
popular as traffic signals, and there’s a 
colour called Portland Orange which 
is used frequently, especially in the 
US, for pedestrian caution hand signs 
on “walk/don’t walk” signs. In Japan, 
those are normally blue. From red 
through red-orange through pure yel- 
low, HP is as bright as anybody, but 
they’ll need to develop the other end 
of the spectrum to remain on top. 
It is important to keep in mind that 
people’s plans these days are necessa- 
rily very fluid. The technology is evol- 
ving so quickly that codes of silence 
are being strictly enforced. As Profes- 
sor Akasaki emphasized at his IEDM 
address, “as these new short wave- 
length light emitters are commercia- 
lized, new markets valued at $15 
billion to $50 billion per year may be 
created within five years,” so there’s a 
lot at stake. 
Substrates for opto are 
indeed an issue 
LEDs, as we currently know them, are 
such tiny devices that yields are rea- 
sonable even with the material defects 
and problems still inherent in the ni- 
tride formulas. But all that could 
change as LEDs get larger for some 
applications. With larger LEDs, yields 
will become more of an issue, and low- 
er yields could become a major stum- 
bling block tc cost effective volume 
production. 
Instead of an array of LF’Ds, far- 
sighted manufacturers are looking at 
the possibility of one device that can 
illuminate more area. Once again, the 
path is being rnapped out by Nichia’s 
Shuji Nakamura. His new white LED 
lamp, which combines a blue GaN 
LED with a fluorescent layer of yt- 
trium aluminum garnet, is highly effi- 
cient and will show up in the 
marketplace soon, as a replacement 
for conventional bulbs. This is a clear 
path to energy-efficient lighting. (See 
also the development of the Ll-- 
COLED multi8colour developments at 
the Fraunhofer Institute this issue. 
page 4). 
Substrate cfxt is very much an is- 
sue. There is currently at least a 10 to 1 
order of magnitude difference in cost 
between a Sic substrate and a sapphire 
substrate. The sapphire wafers Nichia 
is using probably cost them about $30 
apiece. The target pricing for SIC is 
about $20 per square centimetre. No 
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matter what ingredients go into the 
“hero sandwich,” it isn’t how thin or 
thick the bologna, nor how many dif- 
ferent kinds of cheese, mayo, or mus- 
tard are layered. Basically the question 
comes down to how production 
worthy is the formula? 
How strong is the 
“infrastructure?” 
‘One of the factors responsible for the 
relatively fast rise of the nitrides is the 
level of sophistication of the epitaxial 
reactors, MOVPE in particular. 
Whether they’re using sapphire or 
Sic substrates, the leaders will soon 
all be relying on commercial MOVPE 
machines, such as those produced by 
EMCORE, Thomas Swan and AIX- 
TRON. However, the machine cur- 
rently in use at Nichia was designed 
and built in-house. 
These companies cut their wisdom 
teeth on III-Vmaterials, and are espe- 
cially strong and technically compe- 
tent in the nitrides. Competition for 
customers in recent years can likely 
be credited as an important stimulus 
for the overall rapid progress in nitride 
development. Already, when capacity 
needs to be increased, it means bring- 
ing another reactor on line. 
Because the nitrides are similar to 
III-V HEMTs and HBTs, in that a great 
deal of the device performance is in 
the epi process, MOVPE machines 
are critical, and have an obvious ad- 
vantage over custom machines when 
it comes time to meet true high vo- 
lume, repeatable production de- 
mands. As nitride LED and LD 
manufacturers move into higher and 
higher volume production, it will 
likely turn out that MOVPE reactors 
are the foundation of a well-defined, 
manufacturable process. Thanks to 
the contributions of the reactor com- 
panies one could say the necessary 
equipment infrastructure is at least in 
Pl ace. 
EMCORE, which is poised to go 
public this spring, recently expanded 
its product offerings to build further 
on its MOVPE reactor business, and 
the New Jersey based company now 
includes the design and production 
of wafers and package-ready devices 
to their capability, making them rather 
unique in that regard. EMCORE will 
be taken public by Donaldson, Lufkin 
& Jenrette Securities Corp. as their 
underwriters over the Nasdaq stock 
exchange. 
Further information about EM- 
CORE’s IPO can currently be found 
over the internet on the “Alert-1PO” 
website: Alert-IPO! A Service of Ost- 
man, PO Box 3504, Torrance, CA 9051 
USA. Tel: l-310-530-6700, Fax: 1-310- 
539-5203. Email: info@ostman.com. 
URL: http://www.ostman.com/alert- 
ipo 
AIXTRON, which announced in 
the fall installation of an AIX 200/ 
4HT system at Hewlett Packard’s Palo 
Alto Laboratories for advanced R&D 
in the AlGaInN materials system, re- 
cently announced that the Fraunhofer 
Institute, in a consortium together 
with Siemens andTemic, is developing 
a working blue LED from GaN. 
Fraunhofer too is using an AIX 200/4 
HTsystem. Most recent reports from 
the consortium are that they can fabri- 
cate LED test structures with good, 
reproducible blue electrolumines- 
cence at 408 nm, and that the next step 
is to improve brightness and move to 
higher wavelengths. 
Slow growing support 
for CaN bulk crystal 
For the hardcore 111-l/s Review audi- 
ence, there’s nothing more exciting 
than progress at the very basic level of 
the food chairi.That’s where bulk GaN 
work is: at the ver_ early stages of devel- 
opment. In issue 6 last year, the Euro- 
GaN Tour article carried a 
comprehensive update by Alan Mills 
on GaN bulk growth progress at the 
High Pressure Research Center in War- 
saw, Poland, and also heard from him 
that Cornell’s Lester Eastman, who is 
one of our most respected US III-V re- 
searchers, is beginning work on an- 
other high pressure GaN process. But 
there’s a third entity in St. Petersburg, 
Russia, called “PhysTech WBG,” which 
is doing very impressive work as well. 
PhysTech WBG (for WideBand- 
Gap) is the new personality for the for- 
mer Cree/EED contingent. Vladimir 
Dmitrievand his staff of 17 highly qua- 
lified scientists are working on a vari- 
ety of fronts, including offering 
Hydride Vapour Phase Epitaxy 
(HVPE) services for deposition of 
high quality AlN and GaN on sapphire 
and SIC substrates. But it’s their bril- 
liantly coloured pictures of their new 
GaN bulk crystal growth that catches 
one’s eye when checking out their 
website, see adjacent photos for 
examples. 
According to KonstantinVassilevs- 
ki, PhysTech WBG’s webmaster, their 
GaN bulk crystals were grown at a 
pressure less than 3 ATM, and current 
maximum crystal size is approximately 
4 x 4 x 0.1 mm’. The crystals were char- 
acterized optically and by x-ray diffrac- 
tion, and investigation of crystal 
properties is underway. The crystals 
are available for evaluation by contact- 
ing the group through their website at 
http://www.ru.com/I?hysTech_WBG 
Konstantin’s healthy sense of hu- 
mour is evidenced by the fact that 
PhysTech WBG, whose scientists have 
been awarded more than 15 patents on 
novel wide bandgap semiconductor 
technology and devices, is attracting 
customers with the promotion, “Get 
our experience without repeating our 
mistakes!” 
What about electronic 
devices? 
Devices abound, and progress is amaz- 
ing, especially considering the number 
of underlying substrate difficulties ni- 
tride device designers must contend 
with at this stage of development. In 
the USA, important but rather quiet 
workshops are being held in the next 
few months which should help indi- 
cate where the best work is actually 
taking place. In our next installment 
of this nitride update, we’ll delve heav- 
ily into that arena and catch up with 
the latest from the nitride news- 
makers. For now, hold onto your hats, 
because the nitride LEDs are about to 
take off on what looks like it might be 
the ride of a lifetime. 
Jo Ann McDonald, 
URL http://www.legacy-ranch.com 
22 III-Vs Review ??Vol.10 No.1 1997 0961-1290/97/$17.00 01997, Elsevier Science Ltd 
